ABSTRACT
INTRODUCTION
Vertical Handover (VHO) [1] is a mechanism in which user maintains connection when switched from one Radio Access Network (RAN) technology to another RAN technology (e.g., from WLAN/H-2 to UMTS and vice versa (see fig.1 ). [2] [3] VHO is different from conventional horizontal handover where the mobile devices move from one base station to another within the same network (RAN). In VHO, a session is seamlessly handed over to a new RAN in an interoperable region based on a criterion which evaluates the signal quality. This is called 'triggering' of VHO i.e. initialising VHO. Wireless channel estimation is a complicated process and is associated with exploration of PHY and MAC layer frames therefore it is also known as L1/L2 triggering. We may include metrics/ triggers of other layers for VHO execution and can view VHO as cross layer design problem.
In Heterogeneous Wireless Overlay Network, Wi-Fi network (IEEE 802.11 b/g) is envisaged as one of the candidate wireless network (see figure-1 ). In interoperable wireless environment, all networks have unique uplink/downlink set of frequencies to communicate with user. In overlaid system, user has to select best available network to perform handover ensuring good quality of experience (QoE). In this regard, appropriate channel estimation is required for each wireless link & corresponding network. Objective of the paper is to investigate how better a channel can be characterised and quantified to guarantee QoE, from user's end so that an accurate decision can be made. Based on the baseband measurement of the wireless link, a new parameter, Error Vector Magnitude (EVM) is introduced. EVM is defined as the deviation of Inphase/ Quadrature (I/Q) [4] values from ideal signal states and thus provides a measure of signal quality.
EVM can be precisely termed as modulation error. EVM is quantified in percentage (%) i.e. how much percentage of deviation in modulation is observed at receiver. EVM thus rates the quality of the signal like signal to ratio, bit error rate etc. Measuring the channel quality in terms of EVM, we can therefore predict the QoE of the corresponding network (here WLAN). Similarly we can measure EVM of other collocated wireless networks and can analyse the performance. Finally, based on EVM measurement a decision can be made to select a new target network i.e. VHO decision. Emerging Wireless standards are envisaged to use Orthogonal Frequency Division Modulation (OFDM) [5] . EVM finds its vital place in OFDM based networks because they are prone to multipath fading.
The rest of the paper is organized as follows. Section 2 covers the literature survey and contemporary challenges & issues of VHO in 4G are discussed. Section 3 provides an analytical background of EVM and its relation with BER and SNR, introduced as QoS triggers. Section 4 gives performance analysis of L1/L2 frames for OFDM based wireless networks IEEE 802.11 b/g is done in. Section 5 discusses simulated results and plots. Finally paper concludes the analysis & provides future scope of the carried work.
LITERATURE SURVEY
Next Generation Network will have Interoperable advanced wireless systems viz.WiFi (WLAN), WSN (Wireless Sensor Networks), WiMAX [6] (Worldwide Interoperability for Microwave Access), LTE (Long Term Evolution) & etc. [7] . 4G mobile devices will be equipped with multiple network interface cards, capable of connecting to different wireless access networks i.e. Interworking Unit [IWU] . VHO operation should provide authentication of the mobile users, incur a low control overhead, and maintain the connections such that packet loss and transfer delay are minimized. VHO decision may depend on the bandwidth available for each wireless access network, the ISP (Internet Service Provider) charge for the network connection, the power usage requirements, the current battery status of the mobile device etc. In general, the vertical handoff process can be divided into three main steps [8] namely system discovery, handoff decision, and handoff execution. There are several challenging issues on vertical handoff support [9] [10] . Limited literature is available for layer-3 VHO bearing guaranteed QoS [11] [12] . Within 3GPP (Third Generation Partnership Project) and 3GPP2 standardization groups, there are proposals describing the interconnection requirements between 3GPP systems and WLANs [13] . Within the IEEE, the 802.21 Media Independent Handover (MIH) Working Group is working towards a standard to facilitate vertical handoff between IEEE 802 technologies and 3GPP/3GPP2 networks Both QoS parameters and handoff metrics are required for vertical handoff decision. The generic QoS parameters (e.g., bandwidth, BER, SNR, delay, jitter) are specified by the applications. The information of different HO metrics is gathered during the system discovery phase.
VHO and generic QoS triggers
The handoff metrics and QoS parameters are categorized under different groups (e.g., bandwidth, latency, power, price, security, reliability, availability etc.). Various vertical handoff decision mechanisms have been proposed in literature based on various HO metrics and traffic classes (e.g., conversational, streaming, interactive, background) [7] . During the system discovery phase, mobile terminals equipped with multiple interfaces have to determine how many networks are available & which types of services are available in each network. The networks may also advertise the supported data rates & other QoS features for different applications. During the handoff decision phase, the mobile device determines which network it should connect to. The decision may depend on various parameters including the available bandwidth, delay, jitter, access cost, transmit power, current battery status of the mobile device, and the user's preferences. Here EVM is proposed as Generic-QoS trigger for VHO which is in good agreement to characterise a radio link and optimise VHO execution, the final phase.
Bit Error Rate
Bit Error Rate (BER) is a commonly used performance metric which describes the probability of error in terms of number of erroneous bits per transmitted bits. BER is a direct effect of channel noise especially for Gaussian noise channel model. For fading channels, BER performance of any communication system is worse and is related to the Gaussian noise channel performance [14] .
Considering M-ary modulation with coherent detection in Gaussian noise channel and perfect recovery of the carrier frequency and phase, it can be shown that [14] 
Where L is the number of levels in each dimension of the M-ary modulation system, E b is the energy per bit and N 0 /2 is the noise power spectral density. Q [.] is the Gaussian co-error function and is given by [12] Assuming raised cosine pulses with sampling at data rate, Equation 2.1 also gives the bit error rate in terms of signal to noise ratio as (2.3) Where E s /N 0 is the signal to noise ratio for the M-ary modulation system and raised cosine pulse shaping at data rate. Equation 2.3 defines the BER performance in terms on SNR and quite often used as main tool for many adaptive systems. For diversity and MBER systems, this equation essentially means that the choice is made in favour of bit error rate.
ERROR VECTOR MAGNITUDE

EVM definition
Error Vector Magnitude (EVM) is initially modelled by [K.M. Ghairabeh, K.G. Gard, and M.B. Steer [15] - [18] . Measurements are performed on vector signal analyzers (VSAs), real-time analyzers which capture a time record and internally perform a Fast Fourier Transform (FFT) to enable frequency domain analysis. Signals are down converted before EVM calculations are made. Since different modulation systems viz. BPSK, 4-QAM, 16-QAM etc. have different amplitude levels, to calculated and compare EVM measurements effectively some normalization is typically carried out [19] . The normalization is derived such that the mean square amplitude of all possible symbols in the constellation of any modulation scheme is one. Thus, EVM is defined as the root-mean-square (RMS) value of the difference between a collection of measured symbols and ideal symbols. These differences are averaged over a given, typically large number of symbols and are often shown as a percent of the average power per symbols of the constellation. As such EVM can be mathematically given as
Where S n is the normalized nth symbol in the stream of measured symbols, S 0,n is the ideal normalized constellation point of the nth symbol and N is the number of unique symbols in the constellation. The expression in Equation 2.4 cannot be replaced by their unnormalized value since the normalization constant for the measured constellation and the ideal constellation are not the same. The normalization scaling factor for ideal symbols is given by [20] (2.5)
Where P v is the total power of the measured constellation of T symbols. For RMS voltage levels of Inphase and Quadrature components, V I and V Q and for T >> N, it can be shown that P v can be expressed as (2.6) The normalization factor for ideal case can be directly measured from N unique ideal constellation points and is given by 
Where, L p is the length of the packet. N f is the number of frames for the measurement. I o (i,j,k,), Q(i,j,k) denotes the ideal symbol point of the i th frame, j th OFDM symbol of the frame , k th subcarrier of the observed point of the complex plane. (I(i,j,k,) , Q(i,j,k)) denotes the observed point of the i th frame, j th OFDM symbol of the frame, k th subcarrier of the OFDM symbol in the complex plane. P o is the average power of the constellation. This is the definition which is now being used as the standard definition of the EVM in IEEE 802.11a − 1999TM [21] . .
Relationship between EVM and BER
2 1 1/ 2 . . 1 2 log log . b L L Q L L rms P M EVM Log     −     ≈   −         (2.11)
PERFORMANCE ANALYSIS (L1/L2 FRAMES)
The use of a layered architecture is consistent with the design methodologies employed in the current IEEE 802-based systems [22] . Together, the PHY and MAC layers, also known as layer 1 and 2, make up the services to be delivered. The MAC layer should be optimized to support a specific PHY implementation. If more than one PHY implementation is to be used, the MAC layer should be designed to have a PHY-specific layer. It is envisioned to follow a modular approach for designing such a network. There should be a clear separation of functionality in the system between the user, data, and control. The PHY and MAC layers each should have a set of well defined responsibilities that are encapsulated within the respective layers. Simulation is focused on inherent transmission impairments of wireless links, and user mobility i.e. baseband measurements of PHY and MAC layer parameters of IEEE 802.11 b/g [7] . During the HO execution phase, connections need to be re-routed from the existing network to the new network in a seamless manner. This phase also includes the authentication and authorization, and the transfer of user's context information. In MAC layer configuration, management and control frames initiates the association of user with target network. In this paper, EVM is measured for Management frames only.
Management Frames
Management Frames contain information for the receiving MAC management entity [7] [22] [23] . Management frames viz. Association request/ response, Reassociation request response, Reassociation response, Authentication,De-authentication , Probe request/ response, Beacon Frames etc. IEEE 802.11 transmitter sends an association request to 802.11 receivers or an access point to begin the association process. This frame carries information about the source such as supported data rates and the SSID of the network it wishes to associate with. After receiving the association request, the receiver or an access point considers associating with the NIC, and (if accepted) reserves memory space and establishes an association ID for the source.
Here PHY layer and MAC layers are configured for Management frames for infrastructure networks. For the performance comparison the modulation formats used is OFDM [11] . Here, Management frames are set to compute the EVM for fix data payload (10 Kb) subjected to impairments. OFDM systems are prone to multipath fading effects which degrade signal quality. Channel estimation (tracking) in OFDM systems is generally based on the use of pilot subcarriers. If pilot tracking is enabled, we can observe a significant improvement in the overall EVM performance.
EVM gives the measure of modulation error. The modulation error indicates the deviation of In phase and Quadrature phase (I/Q) values from ideal signal states and thus provides a measure of signal quality. WLAN devices operate in the 2.4 GHz and 5 GHz bands with bandwidths of 20 MHz.
Measurements are taken for EVM, by varying NAV (Network allocation Vector). NAV is Duration /ID field depending upon type of frame. This field has two meanings depending on the frame type: In power save Poll messages this is the station ID and in all other frames this is duration value in micro seconds used for the NAV calculation. The analysis is extended to adhoc networks. IEEE802.11 frame format component. Measurement performed in the paper is done on WilANTA Simulator from Seasolve's (USA). Simulator comprises of vector signal generator (VSG), spectrum analyser and vector signal analyser (VSA) [23] . Management frames (sub-frames) are used for the analysis where user has to associate/ disassociate/ re-associate with a new access point (AP) for VHO decision. When a mobile station asks for permission to associate with a new AP, it sends association frames. For pre-mature connection and disconnection, re-association frames are sent. Finally disassociation frames are sent to terminate a session/ call from the serving AP.
Configuration used for Simulation: Parameters & attributes
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5.2.
Control & (especially) Data-frames reception are further degraded when subjected to similar channel impairment. E b / N o or signal power needs to be enhanced in order to overcome the impairment viz. caused due to frequency offset. Results show an abnormal rise in EVM because frames are experiencing hostile environment. EVM is observed low when E b /N o is increased which means there is subsequent reduction in EVM at higher signal power level thereby improving reception quality.
5.3.
From the subframes discussed in section 3 and Fig.2 to Fig.7 , it is observed that there is an increase in EVM dB and EVM rms value(s) with the increase in NAV durations i.e. when NAV is greater than 15-20 millisecond, the EVM rms is increasing abruptly above 50% (refer Fig 3 and Fig  4 to 7) . Thus, for long frame formats assigned to association/ re-association and probe subframes, receiver senses an increase in modulation error though data rate is low (6/9 mbps).
5.4.
For management and control frames, EVM are minimized which shows performance improves when we introduce pilot sub-carrier/ signal (green solid line ---). EVM is measured for both the cases i.e. with and without pilot subcarrier. With pilot subcarrier EVM is reduced resulting in improved performance. Here performance is improved (reduced EVM) but it is not desired at the cost of an extra pilot carrier. Additional pilot carrier requirement is not an efficient approach as carrier is scarce resource. [See section 3].
5.5.
All the subframes with varied NAV (except probe request) had EVM above 50 %. This Suggests, Frame reception can be made better if we keep low NAV value less than ~17 ms.
5.6.
Compared to the bit error rate (BER), which gives a simple one-to-one binary decision as to whether a bit is erroneous or not, EVM is basically a measure of errors between the measured symbols and expected symbols. Due to the simplicity of comparison, BER has been a major choice to engineers, industries and researchers. BER is related to signal to noise ratio (SNR), since direct relationship exists between them. However, for BER measurement, it is obvious that signal must be demodulated first at the receiver side. This means that for every update in the adaptive algorithm, it has to receive feedback from the receiver end [8] . In 4G, OFDM is proposed to be the principle modulation scheme for emerging standards viz. IEEE 802.16e, IEEE 802.21 and LTE including WLAN [24] . OFDM systems are prone to multipath fading thus EVM finds its maximum utility i.e. it can accurately characterise the OFDM link & address the overall Network performance for VHO.
CONCLUSION
EVM and Frequency Errors should be minimized in order to enhance the performance of data networks. Measurement results shows that EVM is a suitable substitute as compared to contemporary metric characterising a radio link viz. SNR, BER, delay, bandwidth, jitter etc. VHO decision might fall short if proper QoS metric or combination of metrics is not chosen and measured properly. Paper shows different pilot tests to propose EVM as Quality of Service parameter to be interrogated and measured during essential MAC frame transaction between MS & AP during VHO. It is essential that a given radio link under consideration is properly characterise by a metric or set metrics. Otherwise user may lead to wrong selection of (target) network. Appropriate target network selection is the key concern for seamless transfer of any ongoing session in heterogeneous wireless overlay networks. For VHO initiation, it's not always necessary to gather feedback from received end; rather EVM can give the desired performance metric before the demodulation can actually takes place. Thus novelty of the research contribution is that proposed EVM can optimise the VHO algorithm, when used as VHO trigger.
FUTURE SCOPE OF WORK
In future scope of the paper, VHO utility function may be developed for the emerging heterogeneous wireless systems (Wi-Fi/ WiMAX/ LTE). Mobility management may further be expedited based on EVM trigger. Work may be extended to Layer-3 in conjunction with Layer -1 & 2 triggering of VHO and can be viewed as cross layer design problem.
